1. Many tropical environments experience cyclical seasonal changes, frequently with 22 pronounced wet and dry seasons, leading to a highly uneven temporal distribution of 23 resources. Short-lived animals inhabiting such environments often show season-24 specific adaptations to cope with alternating selection pressures. 25 2. African Bicyclus butterflies show strong seasonal polyphenism in a suite of 26 phenotypic and life-history traits, and their adults are thought to undergo reproductive 27 diapause associated with the lack of available larval host plants during the dry season.
In addition to the three Bicyclus species from Zomba, we surveyed smaller numbers of 190 samples of 37 additional Bicyclus species collected in the middle of the dry season. We 191 primarily used material from the collections of the African Butterfly Research Institute 192 (ABRI) in Nairobi, Kenya, and from field surveys across several sites in Ghana (December 193 2018) and Kakamega forest in Kenya (February 2019), and from the personal collection of 194 Oskar Brattström. We aimed to sample ten specimens per species from museum samples and 195 up to 25 samples per site in the field. For sampling the museum specimens from the middle of 196 the dry season, we first checked annual climate graphs for the specific locality to identify a 197 suitable time period as distant as possible from any substantial rainfall. Analysis of the long-198 term samples from Zomba suggests that a small number of females from the peak dry season 199 (July to October) is sufficient to identify the mating strategy (see Results) and all our 200 additional species could be fitted into the same classifications. For some of the additional 201 species it was not possible to analyse only individuals from a single location, and therefore 202 we occasionally combined samples from multiple sites and sometimes countries. This did not 203 affect assigning species to specific mating strategies as populations exhibited the same 204 strategy across populations (see Results) . 205 We sampled a total of 228 specimens from 23 species from the collections at ABRI (mean 206 per species = 9.9; range = 6-19) (supplementary material, Table S1 ). The field sampling in Following examination of the total data set for 40 species, we used the percentage of females 215 with presence of spermatophores and mature eggs to categorize species into one of three dry 216 season mating and reproductive strategies: (1) non-diapausing with continuous reproduction 217 (henceforth non-diapausing) where females have spermatophores and mature eggs in the dry 218 season, (2) completely diapausing with no spermatophores or eggs in the middle of the dry 219 season and mating occurs only at the end (in a few cases a small proportion of mid-season 220 females have spermatophores) (3) pre-diapause mating where females mate in the early dry 221 season but do not develop eggs until the end of the dry season (see Kato, 1986) . In this 222 strategy females may mate again in the late dry season (Kato, 1986) .
223
For categorising species into one of the three mating strategies we considered a threshold of 224 50%. That is, if ≥50% of females had spermatophores and mature eggs then the species was 225 classified as non-diapausing. Similarly, if < 50% of females had spermatophores and eggs it 226 was considered as a diapausing species. In cases where ≥50% of females had spermatophores 227 but less than half of those had eggs it was considered as a pre-diapause mating species. Most 228 of the species exhibited clear mating strategies except for two forest species, B. dorothea and 229 B. procora, which had 50% of specimens containing spermatophores and eggs. There is 230 evidence that time to reproductive maturity is longer in forest than open habitat species and 231 hence it is possible that these species may take a longer time to mate and develop eggs 232 (Braby, 2002) . Based on this reasoning we classified both these species as non-diapausing.
233
In the case of one species B. larseni, one of the smallest of all Bicyclus species, it was Habitat preference was classified for each species as one of three categories: forest-restricted, 239 forest-dependent, or savannah. This was based on literature (Condamin, 1973; Kielland, 240 1990; Larsen, 2005; van Bergen, 2015) , and our own extensive experience from field-work.
241
Forest-dependent species usually occur in forest fringes and can tolerate some degree of 242 habitat degradation but are generally not found in true savannah habitats. While, forest-243 restricted species are generally found in rainforests. Ver.0.6.60 (Revell, 2012) . For both investigated traits we fitted three models of character 254 evolution: equal rates, symmetric, and all rates different model. The models were fitted using 255 the fitMk function in Phytools and the best fitting model was chosen based on the Akaike 256 Information Criteria (AIC) weights and was then used for the ancestral state reconstruction. the states (Pagel, 1994; Pagel & Meade, 2006) . For the analysis of correlated evolution of 265 discrete traits this is currently the only available method and the DISCRETE model is limited 266 to binary traits. While, both the habitat preference and mating strategy data had three states.
267
Therefore, we merged the diapausing and pre-diapause mating strategies into a single 268 category. This is biologically justified because in both strategies females have immature 269 oocytes and do not undergo active reproduction even if they mate and store spermatophores, 270 such as in pre-diapause mating (see Kato, 1986 Kato, , 1989 . Similarly, for habitat preference, the 271 forest-dependent state was merged with forest-restricted to form a single forest linked state.
272
Forest-dependent species usually occur in the forest fringes or edges but never in true 273 savannah habitats suggesting that forest cover is essential. Hence, merging this category with 274 forest-restricted species is more appropriate than into savannahs.
275
The test for correlated evolution is performed by evaluating support for independent and 276 dependent model. In the dependent model the rate of change of one trait depends on the other 277 trait, while the independent model considers no such association. We ran RJ MCMC chains 278 for ten million iterations with a burnin period of one million after which the chain was 279 sampled every 500 th iteration. The chains were visually inspected for convergence. We used 280 exponential hyperprior 0-10 and placed 1000 stepping stones each iterating 10000 times to 281 obtain the marginal likelihood value for both the independent and dependent models. We ran 282 the analysis three times to check for the stability of the likelihood values. We then calculated 283 Bayes Factor which is a measure of the strength of correlated evolution using the marginal 284 likelihood value for both models. A value between 2-6 is considered as positive evidence, 285 while the value of 6-10 is considered strong evidence for correlated evolution (Currie & Furthermore, using the values of transition parameters resulting from RJ MCMC, we 288 calculated Z values for the transitions which is the proportion of times a certain transition 289 parameter is set to zero among all sampled models (Pagel & Meade, 2006) . A high proportion 290 of zeros, and hence a high Z value, suggests that the transition between states is unlikely.
291
Using the Z values, we constructed a pathway for habitat-dependent evolution of mating 292 strategies. 293 2.7 Validation of co-evolutionary models 294 We used five approaches to validate our co-evolutionary models. (1) We tested whether our 295 analysis is sensitive to the choice of prior by using two more priors, uniform 0-100 and 296 exponential hyperprior 0-100. (2) We tested the effect of using different thresholds for 297 classification of mating strategies by using an additional threshold of 10% and 20%. That is, which shows a diapausing autumn-morph and a non-diapausing summer-morph (Kato, 1986;  and show reproductive activity only at the end of the winters, and hence females may mate 388 again with the same morph males. Whether this scenario is similar in Bicyclus butterflies is 389 unclear, but it is possible that the dry season form females may mate with the wet season 390 form males as there can be some overlap in flight between both forms. However, complete 391 reproductive diapause could still be beneficial for females as mating at the end of the dry 392 season means that their mate has expressed a strong dry season survival ability. Such a high 393 mate quality might be more important than the potential benefits of the pre-diapause mating 394 in some habitats, explaining why both strategies appear throughout Bicyclus. 395 In our long-term field samples, B. safitza exhibited an interesting pattern in which about one-396 quarter of the females had mature eggs in the peak dry season. The data show that the dry 397 season form females tend to mate more often and have mature eggs in the early part, rather weights that were used for producing Figure 2 in the main text). -47. 49 -40.48 14.01 -45.91 -43.33 5.16 -49.19 -46.16 6.06 models to test the effect of sample size on correlated evolution using exponential hyperprior 858 0-10. For each set 30% of the species were randomly removed from the data set. 
